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Air pollution is harmful to all living things and the environment. In California, there are over 39 
million people generating unhealthy amounts of air pollution. The state’s rugged topography (the 
physical shape of the land) and its warm, sunny climate are perfect for collecting and forming air 
pollutants. Greenhouse gases (GHGs) are air pollutants that trap heat in the atmosphere, 
contributing to global warming and climate change (CARB, 2019a). Since 1990, the American 
Lung Association (ALA) has reported on air quality in the United States (U.S.). For 19 out of the 
20 years, California has been rated as the state with the worst air quality (ALA, 2020). ALA 
revealed that over 90% of Californians live in areas affected by unhealthy air (ALA, 2020). To 
reduce GHGs and improve air quality, California created the Clean Vehicle Rebate Project 
(CVRP) to promote the purchase or lease of Zero-Emissions Vehicles (ZEVs) by offering rebates 
aimed at low- and moderate-income consumers. 
Research Question and Purpose 
How effective is the Clean Vehicle Rebate Project (CVRP) in promoting the adoption of Zero-
Emissions Vehicles (ZEVs) by low-income consumers in California? 
Consumers face a difficult choice when deciding if the next new vehicle they purchase or 
lease will be a ZEV or a non-ZEV, hereinafter referred to as an Internal Combustion Engine 
Vehicle (ICEV). The adoption and operating costs of ZEVs are perceived to be higher than 
ICEVs. However, the rebates offered by CVRP make it more compelling and financially feasible 
to even consider adopting a ZEV. It would be useful to evaluate what kind of effect CVRP 
rebates have on consumers when they make a decision on what type of vehicle to get.  
CVRP has a large annual budget—for fiscal year (FY) 2019-20, it is $238 million 
(CARB, 2019c, p. iv). Since that much funding is allocated to CVRP, it would be beneficial to 
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assess whether the program is effective in meeting its legislative intent of reducing GHGs by 
putting more ZEVs on the road. It would be valuable to explore whether CVRP is actually 
accelerating the adoption of ZEVs in California, whether consumers are deciding to adopt ZEVs 
because of the rebates, and whether the program has an effect on low-income groups. This 
research is valuable for California legislators and taxpayers who would like to know whether the 
funding allotted for CVRP is prudent, and whether disadvantaged communities have equal 
access to public resources, for prospective consumers interested in the rebates who would like to 
know if ZEVs are cost-efficient, and for the CVRP program as well as vehicle manufacturers, 
which would both like more information on public attitudes and preferences related to ZEVs. 
The California Global Warming Solutions Act of 2006 (Assembly Bill [AB] 32) was 
signed into law by Governor Arnold Schwarzenegger, setting an ambitious goal for the drastic 
reduction of statewide GHG emissions to 1990 levels by 2020 (CARB, 2014). This landmark 
legislation was California’s first comprehensive and long-term operation to fight climate change. 
It gave the California Air Resources Board (CARB) authority to regulate sources of GHG 
emissions. According to CARB, 70% of California’s GHG emissions originate in the 
transportation sector, and within that, light-duty vehicles (cars and trucks weighing 8,500 pounds 
or less) account for 28% of total GHG emissions (LAO, 2018, p. 8). Pursuant to AB 32, CARB 
has been assigned the responsibility of “protecting the public from the harmful effects of air 
pollution and developing programs and actions to fight climate change” (CARB, 2019a).   
 The California Alternative and Renewable Fuel, Vehicle Technology, Clean Air, and 
Carbon Reduction Act of 2007 (AB 118, Statutes of 2007, Chapter 750) was signed into law by 
Governor Schwarzenegger the following year, instituting the Air Quality Improvement Program 
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(AQIP), which is administered by CARB and provides funding for new alternative fuel and air 
quality incentive programs (CVRP, 2019f, p. 1). 
 In 2012, Governor Jerry Brown signed into law three bills, AB 1532 (California Global 
Warming Solutions Act of 2006: Greenhouse Gas Reduction Fund), Senate Bill (SB) 535 
(Disadvantaged Communities), and SB 1018 (Public Resources), which together created the 
Greenhouse Gas Reduction Fund to receive Cap-and-Trade auction proceeds and to establish the 
basis for how the auction proceeds will be directed to fulfill the mission of AB 32 (CVRP, 2019f, 
p. 1). Billions of dollars from Cap-and-Trade auction proceeds have been appropriated to CARB 
for Low Carbon Transportation Investment projects that reduce GHG emissions, particularly 
ones that benefit the most underprivileged communities in California (CVRP, 2019f, p. 1). 
Disadvantaged populations are particularly vulnerable to the effects of climate change. These 
projects are intended to advance public health, the quality of life, and economic opportunity for 
these communities, while also reducing the air pollution that leads to climate change (CalEPA, 
2019). 
Solution 
Each year, the legislature authorizes funding to CARB through the Low Carbon Transportation 
Investments and the Air Quality Improvement Program to support incentive projects aimed at 
reducing GHG emissions caused by light-duty vehicles (CVRP, 2019f, p. 2). One such 
innovative measure taken by CARB was launching CVRP in 2010 to “promote clean vehicle 
adoption by offering rebates…for the purchase or lease of new, eligible zero-emission vehicles 
(ZEVs), including electric, plug-in hybrid electric and fuel cell” (CVRP, 2019a) vehicles. The 
vehicle must be new, and may not be purchased, leased, or delivered from out of state (CVRP, 
2019d). The intent of the program is to partially offset the higher initial cost of adopting a ZEV 
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by providing rebates, mostly to low- and moderate-income consumers, to overcome the cost 
barrier of purchasing or leasing ZEVs (CVRP, 2019f). The program makes adopting a ZEV more 
accessible to a greater number of drivers across income levels. 
CVRP offers rebates for the purchase or lease of four types of ZEVs: hydrogen fuel-cell 
electric vehicles (FCEVs), all-battery electric vehicles (BEVs), plug-in hybrid electric vehicles 
(PHEVs), and zero-emission motorcycles (ZEMs) (CVRP, 2019b). ZEMs will not be included in 
this research as these are not considered passenger vehicles (they do not have four wheels) and 
not all of the types of CVRP rebates are offered for the purchase or lease of them. The three 
types of ZEVs that will be discussed are distinguished by where the electricity to power them is 
derived from. First, there are FCEVs, which use a fuel cell instead of a battery to generate 
electricity by combining hydrogen fuel and oxygen (CEC, 2015). Then, there are Plug-In Electric 
Vehicles (PEVs), which use a battery to store electricity from the electrical grid by charging at 
home or at charging stations (CEC, 2015). PEV is an umbrella term that refers to two distinct 
types of vehicles: BEVs and PHEVs. BEVs run exclusively on batteries (CEC, 2015). In 2015, 
most BEVs had a range of 50-100 miles on a single charge (CEC, 2015), but they have vastly 
improved, now averaging a range of 220 miles, so most drivers can go days without recharging 
(EV Adoption, 2019b). PHEVs are powered by a battery and an internal combustion engine, 
usually fueled by gasoline. Like BEVs, PHEVs plug into the electrical grid to recharge the 
battery, but they also have a refillable gasoline tank so they can be refueled at gas stations, 
similarly to ICEVs. PHEVs operate in battery-powered electric mode for an average of 21 miles 
(EV Adoption, 2019a), but their overall driving range is 250-400 miles (CEC, 2015). PHEVs can 
be attractive to drivers who mostly travel short distances covered by battery power, but who also 
want the full driving range of the internal combustion engine (CEC, 2015). 
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It is apparent that California’s long-term transportation strategy is to boost the adoption 
of ZEVs. In January 2018, Governor Brown signed Executive Order (EO) B-48-18, launching an 
eight-year, $2.5 billion initiative to fund CVRP rebates and to build more infrastructure, 
including 250,000 PEV charging stations and 200 hydrogen fueling stations by 2025. It also set a 
goal of 1.5 million ZEVs in California by 2025 and five million by 2030 (California Office of the 
Governor, 2018). In June 2018, the California Legislature approved $200 million in Cap-and-
Trade auction proceeds for CVRP (CVRP, 2019f, p. 1). Of the $200 million, CARB apportioned 
$60 million to cover the rest of the FY 2017-18 rebates, and the remaining $140 million was for 
the FY 2018-19 rebates (CVRP, 2019f, p. 1).  
Some populations are particularly vulnerable to the effects of climate change. In June 
2019, the California Legislature approved the FY 2019-20 budget of $238 million for CVRP, 
which includes $213 million for standard rebates and $25 million for low-income rebates, “to 
ensure the equity element of CVRP continues to grow and that rebates are prioritized for lower 
income applicants” (CARB, 2019c, p. iv-v). SB 535 identified that disadvantaged communities 
are “areas disproportionately affected by environmental pollution and other hazards that can lead 
to negative public health effects, exposure, or environmental degradation” (CalEPA, 2017, p. 1). 
Many residents of these communities live near busy roads with heavy pollution, magnifying their 
risks for GHG emissions-related health problems like cancer, respiratory diseases, cardiovascular 
diseases, pregnancy disorders, and inhibited child development (DEC, 2019). SB 535 demanded 
that 25% of the proceeds from the Greenhouse Gas Reduction Fund go to projects that benefit 
disadvantaged communities (CalEPA, 2019). SB 535 also required that 10% of CVRP funds be 
distributed to disadvantaged communities (Rubin & St-Louis, 2016, p. 67). AB 1550 (Low-
Income Communities) passed in 2016, revising that now 35% of the proceeds from the 
 
 13 
Greenhouse Gas Reduction Fund must be directed towards “priority populations,” which 
includes disadvantaged communities, low-income communities, and low-income households 
(CARB, 2018). AB 1550 specified that low-income communities are “census tracts that are 
either at or below 80% of the statewide median income, or at or below the threshold designated 
as low-income by the California Department of Housing and Community Development's 2016 
State Income Limits” (CARB, 2018). Figure 1 is a map of SB 535 designated disadvantaged 
communities and AB 1550 designated low-income communities. 
Figure 1: Map of Disadvantaged Communities and Low-Income Communities in 
California 
 
Source: CARB, 2018 
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In 2014, SB 1275 (Charge Ahead California) was passed, establishing household income 
caps in order to be eligible for CVRP rebates. It also increased rebate amounts for low- and 
moderate-income consumers starting in March 2016 (CARB, 2016). Higher-income consumers 
are those with annual incomes greater than the following limits: $150,000 for single filers, 
$204,000 for head-of-household filers, and $300,000 for joint filers. These higher-income 
consumers can only receive rebates for FCEVs, and not for BEVs and PHEVs (CVRP, 2019f, p. 
9-10). The standard rebate applies to moderate-income households with incomes from equal to or 
below 300% of the federal poverty level (FPL) to the higher-income limits stated above. The 
standard rebate amount for FCEVs is $5,000, for BEVs is $2,500, and for PHEVs is $1,500 as 
shown in Table 1 (CARB, 2019b). The CVRP rebate amounts are higher for low-income 
consumers in order to make ZEVs accessible to more drivers, particularly those in communities 
greatly affected by air pollution (CARB, 2016). These supplementary rebates are to reduce the 
upfront financial impact of adopting ZEVs over lower-cost ICEVs. Rebate amounts are increased 
by $2,000 for consumers with household incomes less than or equal to 300% of the FPL, which 
is categorized as low-income. The low-income rebate amount for FCEVs is $7,000, for BEVs is 
$4,500, and for PHEVs is $3,500 as shown in Table 1 (CARB, 2019b). The varying rebate 
amounts for different income levels raises the question of how they affect consumers’ decisions 
to adopt ZEVs. 
Table 1: CVRP Rebates by ZEV Type and Rebate Amount 
ZEV Type Higher-Income 





FCEV $5,000 $5,000 $7,000 
BEV None $2,500 $4,500 
PHEV None $1,500 $3,500 






Internal Combustion Engine Vehicles (ICEVs) vs. Zero-Emission Vehicles (ZEVs) 
Internal combustion engines are the most common as they are found in more than 250 million 
vehicles in the U.S. (DOE, 2013). The majority of Internal Combustion Engine Vehicles 
(ICEVs) are fueled by gasoline, followed by diesel, but they can also use renewable or 
alternative fuels, such as natural gas, propane, biodiesel, or ethanol (DOE, 2013). Combustion is 
the chemical process of releasing energy from a fuel and air mixture. The products of 
combustion serve as the working fluids of the engine, activating the system of gears in the 
powertrain, which drives a vehicle’s wheels (DOE, 2013). When fuel burns in an internal 
combustion engine, the vehicle’s exhaust system releases GHGs, primarily carbon dioxide, 
through the tailpipe, which can cause global warming and climate change (DEC, 2019). GHG 
emissions can also damage human lung tissue, and can lead to or exacerbate respiratory and 
cardiovascular diseases (DEC, 2019). This is in contrast to ZEVs, which emit minimal to no 
exhaust gas (and thus, minimal GHGs) due to having mainly or solely electricity as the onboard 
source of power (LAO, 2018, p. 9). 
History of Government Incentives for Electric Vehicles in the U.S. 
The adoption of electric vehicles (EVs) is one innovation to help address environmental 
concerns, such as GHG emission levels. However, trends have demonstrated that EV adoption 
often demands “stimulation from external factors such as stringent emissions regulations, rising 
fuel prices, or financial incentives” (Sierzchula, Bakker, Maat, & Van Wee, 2014, p. 183). Out of 
those factors, financial incentives for consumers have been found to be the most crucial for EVs 
to reach a mass market. To encourage the adoption of EVs, financial incentives for their 
purchase or lease have been established by federal, state, and local governments. These 
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incentives include purchase/lease rebates, tax exemptions, tax credits, access to bus lanes, and 
waivers on fees for parking, tolls, charging, and other services (Jenn, Springel, & Gopal, 2018, p. 
349). The incentive amount usually depends on the type of EV being purchased or leased. 
The U.S. Energy Policy Act of 2005 introduced a federal income tax credit of up to 
$3,400 for the purchase or lease of new hybrid electric vehicles (HEVs) (IRS, 2005, p. 2). HEVs 
are powered by both a gasoline-fueled internal combustion engine and a rechargeable battery, 
though the battery does not have the ability to be plugged in to recharge (IRS, 2005, p. 2). HEVs 
were the precursor to and are different from ZEVs, which emit minimal to no emissions. The tax 
credit was limited to the first 60,000 vehicles per vehicle manufacturer and has since ended (IRS, 
2005, p. 2). 
The Energy Improvement and Extension Act of 2008 was the first U.S. law to grant a tax 
credit for new PHEVs (IRS, 2009). It enacted Internal Revenue Code Section 30D, offering the 
Plug-In Electric Drive Vehicle Credit (PEDVC) of $2,500 to $7,500 for the purchase or lease of 
PHEVs (IRS, 2019). This credit is subtracted from a purchaser’s total federal tax liability. When 
a manufacturer’s vehicle reaches 200,000 in qualifying sales, the credit begins to phase out and 
vehicles by that manufacturer are not eligible for a credit if obtained after the phase-out period 
(IRS, 2019). 
The Car Allowance Rebate System (CARS), commonly known as “Cash-For-Clunkers,” 
allowed consumers to trade in an older, less fuel-efficient vehicle for a voucher to be used on the 
purchase of a newer, more fuel-efficient vehicle (Gayer & Parker, 2013, p. 1). The federal CARS 
program began on July 1, 2009 and ended on August 24, 2009, as the appropriated funds were 
quickly depleted (Gayer & Parker, 2013, p. 1). The program had two objectives: the first was to 
temporarily stimulate the economy (which was experiencing a recession at the time) by boosting 
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vehicle sales. The second objective was to put more fuel-efficient vehicles on the roads and 
reduce emissions. According to an evaluation performed by Gayer and Parker, CARS provided a 
small and short-lived spur in vehicle sales of about 380,000 vehicles, which were pulled forward 
(or borrowed) from sales that would have occurred in subsequent months in the absence of the 
program (Gayer & Parker, 2013, p. 6). The environmental impact of CARS in reducing 
emissions was marginal since it ran for less than two months and the nearly 700,000 vehicles 
purchased under the program made up less than one percent of the total vehicles in the U.S. 
(Gayer & Parker, 2013, p. 10). The program resulted in a minor reduction of gasoline usage, 
equal to about 2.4 to 7.9 days’ worth of current usage (Gayer & Parker, 2013, p. 11). 
Many states are also taking action to reduce GHG emissions through the deployment of 
EVs. As of July 2017, “forty-five states and the District of Columbia provide an incentive for 
certain hybrid and/or electric vehicles, either through a specific utility operating in the state or 
through state legislation” (NCSL, 2017). This means that only five states do not have any 
incentives in place. Furthermore, in October 2013, the governors of eight states, including 
California, (and joined by a ninth in May 2018), signed a plan to commit to “coordinated action 
to ensure the successful implementation of their state zero-emission vehicle (ZEV) programs” 
(ZEV Task Force, 2019) by offering financial incentives, providing access to high-occupancy 
vehicle (HOV) lane access, and building more charging stations. Together, these states pledged 
to have at least 3.3 million ZEVs on their roads by 2025 (ZEV Task Force, 2019). 
The Effect of Financial Incentives on the Adoption of Electric Vehicles 
Chandra, Gulati, and Kandlikar examined the effect of tax rebates on the sales of HEVs in 
Canada (Chandra et al, 2010, p. 79). This study found that a $1,000 increase in the tax rebate 
raises the market share of HEVs by 31 to 38% (Chandra et al, 2010, p. 79). However, it was also 
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observed that only 26% of HEVs sold can be attributed to the rebate (Chandra et al, 2010, p. 79). 
This indicates that 74% of HEVs sold were not due to the rebate. In addition, it was concluded 
that tax rebate programs mostly subsidize consumers who would have purchased HEVs in any 
case, not just due to the rebate (Chandra et al, 2010, p. 92). 
Gallagher and Muehlegger studied the effectiveness of incentives, including state sales 
tax waivers, income tax credits, and non-tax incentives, on the adoption of HEVs in the U.S. 
(Gallagher & Muehlegger, 2011, p. 1). The inquiry found that even though state sales tax 
waivers tend to be less than state income tax credits, sales tax waivers were linked to more than a 
ten-fold growth in the sales of HEVs in comparison to income tax credits, for a number of 
reasons (Gallagher & Muehlegger, 2011, p. 1). First, a sales tax waiver is automatic, while an 
income tax credit requires a consumer to apply for it the following year (Gallagher & 
Muehlegger, 2011, p. 9). Secondly, a sales tax waiver is immediate, while an income tax credit 
must be claimed on a future return. Lastly, the value of a sales tax waiver is easily understood, 
while an income tax credit may fluctuate based on a consumer’s tax liability (Gallagher & 
Muehlegger, 2011, p. 9). 
Tal and Nicholas explored the impact of the PEDVC on the PEV market by studying the 
preference surveys of more than 2,882 PEV owners in 11 states (Tal & Nicholas, 2016, p. 95). 
The findings were that 28.5% of PEV sales were due to this federal tax credit (Tal & Nicholas, 
2016, p. 99). The incentive increased the sales of PEVs by 32.5% between 2010 and 2014 (Tal & 
Nicholas, 2016, p. 101). 
 Jenn, Springel, and Gopal collected a dataset of 198 financial and non-financial 
incentives to study their effects on the adoption of EVs in the U.S. Since the CVRP program 
being evaluated in this research offers a cash rebate, financial incentives were of particular 
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interest to study. The research indicates that financial incentives (which are the most common 
incentive) have a positive effect on the adoption of EVs—every $1,000 offered as a rebate or tax 
credit raises the average sales of EVs by 2.6% (Jenn et al, 2018, p. 354). 
 Johnson and Williams looked at the influence of CVRP’s cash rebates on the purchase or 
lease of ZEVs by consumers. Using a voluntary CVRP Consumer Survey administered to rebate 
recipients, this study assessed the relationship between consumer factors (such as transaction, 
household, and demographic characteristics, reasons for PEV adoption, and measures of 
experience with PEVs) and the impact of CVRP rebates on consumers’ adoption decisions 
(Johnson & Williams, 2017, p. 23). The results were that some factors are correlated with a 
greater likelihood that a consumer would regard the rebate to be crucial. These factors include 
“having lower household income, being younger, adopting less-expensive vehicles, being more 
motivated to adopt a PEV by a desire to save money, being less motivated to adopt a PEV by a 
desire to reduce environmental impact, and reporting a lower initial interest level in adopting a 
PEV” (Johnson & Williams, 2017, p. 23). Identifying consumers most influenced by incentives 
is critical so that a program like CVRP knows who to focus its attention on through education 
activities, targeted outreach, and strategic marketing (Johnson & Williams, 2017, p. 29).  
Socioeconomic Characteristics of Incentive Program Recipients  
Households in the U.S. have received $18.1 billion “in federal income tax credits for 
weatherizing their homes, installing solar panels, buying hybrid and electric vehicles, and other 
‘clean energy’ investments” (Borenstein & Davis, 2015, p. 1). Borenstein and Davis utilized tax 
return data to study the socioeconomic characteristics of recipients of these federal income tax 
credits. This analysis separated taxpayers into five income groups (quintiles). It determined that 
between 2006 and 2012, higher-income taxpayers have received a large amount of the tax 
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credits—the top income quintile received about 90% of all credits, while the bottom three 
quintiles received about 10% of all credits. The most severe disparity was in the distribution of 
the PEDVC, as the top income quintile received about 90% of all credits (Borenstein & Davis, 
2015, p. 1). The evidence shows that the “distributional pattern is similar across years and 
reflects that higher-income taxpayers are much more likely to claim credits and for significantly 
larger credit amounts” (Borenstein & Davis, 2015, p. 1). Consumers of ZEVs tend to have higher 
incomes and more educations than the general population and ICEV consumers (Tal & Nicholas, 
2016, p. 95). 
Rubin and St-Louis analyzed the distribution of CVRP rebates across recipient 
characteristics, including census tract, race-ethnicity, income, and socioeconomic status (Rubin 
& St-Louis, 2016, p. 67). The inquiry found that between 2010 and 2015, rebates were not 
equitably dispersed across households with different socioeconomic statuses with higher-income 
groups more likely to receive rebates (Rubin & St-Louis, 2016, p. 73). Eighty-three percent of 
rebate recipients had annual incomes higher than $100,000 (Rubin & St-Louis, 2016, p. 67). 
Nearly 90% of the rebates were issued to only three of California’s 35 air districts: the San 
Francisco Bay Area, the Los Angeles Metropolitan area, and the San Diego Metropolitan area, 
which are the regions with the state’s highest populations (Rubin & St-Louis, 2016, p. 67). In 
addition, “census tracts with lower median household incomes and higher proportions of people 
of color received fewer clean vehicle rebates (Rubin & St-Louis, 2016, p. 68). The biggest 
obstacle for low-income households to purchasing or leasing a ZEV is obtaining the upfront 
capital to do so and qualifying for such a large auto loan (Rubin & St-Louis, 2016, p. 73).  
A report by the UC Davis Policy Institute for Energy, Environment, and the Economy 
concluded that ZEV purchase incentives are largely concentrated among higher-income 
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consumers, highlighting concerns about inequitable incentive distribution among income groups. 
Moreover, this raises the issue of whether these incentives are cost-effective, since higher-
income consumers are more likely to have adopted a ZEV in the absence of a rebate (UC Davis, 
2019b, p. 4). This is in contrast to how a rebate is a substantial factor in the purchasing decisions 
of low-income consumers, since ZEVs are more costly than ICEVs.  
Gallagher and Muehlegger observed that consumers with social preferences for 
environmental quality and energy security cited those as notable reasons for the adoption of 
HEVs (Gallagher & Muehlegger, 2011, p. 13). Egbue and Long’s survey collected data from a 
sample population largely composed of current owners of ICEVs in order to gain insight on the 
opinions, perceptions, and attitudes of potential ZEV buyers. The study found that 83% of 
respondents were somewhat familiar with the topic of sustainability, which most of the 
respondents associated with product/resource longevity, resource conservation, and protecting 
the environment (Egbue & Long, 2012, p. 723). More respondents who were working towards, 
or who had completed a graduate degree were acquainted with the concept of sustainability than 
those who were working towards, or who had completed an undergraduate degree (Egbue & 
Long, 2012, p. 723). In addition, respondents in the 18-24 age range were less likely to be aware 
of the concept than those ages 25 and up (Egbue & Long, 2012, p. 723). 
Perceived Higher Costs of Adopting and Operating ZEVs 
There is a widely held belief that compared to ICEVs, ZEVs have higher initial costs to purchase 
or lease, and also higher costs of operation afterward. Compared to ICEVs, there are higher costs 
to manufacture ZEVs that are passed onto consumers. The most expensive component of a ZEV 
is the battery (Next 10, 2018, p. 3). Research has found that the purchase price of a ZEV is 
approximately $10,000 more than a comparable ICEV (Sierzchula et al, 2014, p. 185). In 
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addition, the larger the size of a ZEV battery, the greater its driving range is, but also the higher 
the cost to purchase or lease the ZEV (Sierzchula et al, 2014, p. 185). However, the cost of 
batteries is rapidly declining, and it is predicted that ZEV battery cost will decrease by almost 
10% until 2025, “when ZEVs will reach price parity with ICEVs” (Next 10, 2018, p. 19), even 
without incentives and subsidies. This development in battery technology is enabling vehicle 
manufacturers to produce ZEVs with greater driving range and better performance at lower 
prices. 
When the term ZEV is brought up, the Tesla brand often comes to mind. But Tesla is just 
one of 22 vehicle manufacturers producing CVRP-approved ZEVs (CVRP, 2019b). While some 
ZEVs are considered luxury vehicles, there are more affordable options. There are five-passenger 
PHEVs, such as the Hyundai Ioniq Plug-in Hybrid, Toyota Prius Prime Plug-in Hybrid, and Kia 
Niro Plug-in Hybrid, which all start at $28,500 or under (PluginCars, 2019). There are five-
passenger BEVs, such as the Nissan LEAF, Hyundai Ioniq Electric, and Volkswagon E-Golf, 
which all start at $31,300 or under (PluginCars, 2019). FCEVs were recently introduced in the 
U.S. at the end of 2015. Currently, there are three FCEVs on the market and they are only sold in 
California and Hawaii—the Hyundai NEXO (starts at $53,300), the Toyota Mirai (starts at 
$53,500), and the Honda Clarity Fuel Cell (can only be leased for $379/month for 36 months) 
(Kaslikowski, 2019). The prices of PHEVs and BEVs can be considerably lower than FCEVs, 
and the models available are numerous and diverse. 
California consumers have access to financial incentives that can help to offset the higher 
cost to purchase or lease a ZEV. As previously discussed, CVRP offers rebate amounts ranging 
from $1,500 to $7,000, depending on the ZEV type and consumer income level. In addition, the 
federal government still offers the PEDVC of $2,500 to $7,500 for the purchase or lease of BEVs 
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and PHEVs, although FCEVs do not qualify for this credit. All BEVs qualify for the full $7,500, 
while PHEVs qualify for a reduced amount (CVRP, 2019i). 
 Another factor influencing consumer adoption of ZEVs is the cost to operate them. The 
nonpartisan organization Next 10 found that while the initial costs for ZEVs are higher than their 
ICEV equivalents, life cycle fuel and maintenance costs are lower. An analysis of 17 popular 
ZEV models produced in 2017 determined that many can be price competitive with ICEVs, even 
without government financial incentives (Next 10, 2018, p. 4).  
However, the general public is not yet knowledgeable about the cost to charge a ZEV, 
and how the cost compares to fueling an ICEV with gasoline. The cost to charge a BEV or 
PHEV at home depends on the vehicle’s battery size and the price of electricity set by the utility 
provider (CVRP, 2019c). Most of them offer time-of-use (TOU) rates that significantly reduce 
costs by charging during off-peak hours (CVRP, 2019c). Electricity costs vary throughout 
California, but the average cost of electricity in the state is 15¢ per kilowatt hour (kWh)2 (CVRP, 
2019i). “At this price point, charging a 40-kWh battery with a 150-mile range would cost about 
4¢ per mile (or about $6 to fully charge). Meanwhile, fueling a 25-mpg gas vehicle at 
California’s average gas price of $3.53 per gallon would cost about 14¢ per mile (or about $21 
for enough gas to drive approximately 150 miles)” (CVRP, 2019c), thus, it costs less to charge a 
ZEV than to fuel an ICEV enough to drive 150 miles. ZEVs can also be charged at public 
charging stations, which “can be free, pay-as-you-go, or subscription-based, and prices are set by 
networks or property owners. Some vehicle manufacturers, such as Hyundai, Nissan and Tesla 
also provide complimentary public charging. One popular public charging network charges 
members $1.50 per hour to charge on Level 2, and 15¢ per minute for DC fast charging…At 
these rates, charging a 40-kWh battery with a 150-mile range would cost about 6¢ per mile on 
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Level 2, and 7¢ per mile for DC fast charging” (CVRP, 2019c). Some employers, both in the 
public and private sectors, have built worksite charging stations for their employees. 
Many California utility providers and air districts issue rebates to install Level 2 charging 
stations in the home. The rebate amounts vary throughout the state but can range in dollar 
amount from $500 to $5,000 per Level 2 charger, all the way to covering 100% of the cost of 
equipment and installation (CVRP, 2019c). Additionally, a number of utilities have programs to 
issue rebates to customers who drive BEVs and PHEVs as a reward for their use of electricity as 
a clean transportation fuel: Pacific Gas and Electric Company (PG&E) Clean Fuel Rebate, San 
Diego Gas & Electric (SDG&E) Electric Vehicle Climate Credit, and Southern California Edison 
(SCE) Clean Fuel Rewards (CPUC, 2019). 
As part of its analysis of ZEV operation costs, Next 10 evaluated maintenance expenses. 
Each ZEV has about 20 moving parts, which is decidedly less than the 1,980 moving parts of an 
ICEV (Next 10, 2018, p. 26). As a result, ZEVs have fewer maintenance issues, visits, and costs 
than ICEVs. The small number of parts and a less complex propulsion system make ZEV 
assembly and part-replacement more simple and less expensive. BEVs do not need most 
maintenance services standard to ICEVs, including oil changes, tune-ups, and pump and filter 
replacements (Krause, Carley, Lane, & Graham, 2013, p. 436). PHEVs still need these 
maintenance procedures, although less frequently than ICEVs do (Krause et al, 2013, p. 436). 
Other Barriers to the Adoption of ZEVs  
Another factor influencing consumer adoption of ZEVs is performance characteristics, such as 
driving range and charging time. As previously discussed, the driving range of ZEVs has 
increased in recent years, with FCEVs averaging 300 miles (DOE, 2019a), BEVs averaging 220 
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miles (EV Adoption, 2019b), and PHEVs averaging 21 miles on battery power and 325 miles 
overall (EV Adoption, 2019a), which are all in line with comparable ICEVs.  
Charging time and charging availability are concerns for prospective ZEV consumers. 
FCEVs can be charged in under five minutes (DOE, 2019a), but this can only be done at 
hydrogen stations. The infrastructure for them is still lacking, with only 40 hydrogen stations 
throughout California. However, it is promising that 24 hydrogen stations are at some point in 
the permit, planning, construction and commissioning process (Wardlaw, 2019). Most ICEVs are 
able to refuel in about four minutes, but most methods to charge PEVs (BEVs and PHEVs) take 
much longer (Sierzchula et al, 2014, p. 185). Level 1 charging uses a standard 120-volt outlet, 
which requires no equipment installation in the home. It is the slowest charging method, but it is 
sufficient for drivers who charge overnight and travel 30–40 miles per day (CVRP, 2019c). 
Level 2 charging uses a 220-volt outlet, which drivers need to have installed in the home at a 
cost, although many California utility providers and air districts issue rebates to offset the cost of 
installation (CVRP, 2019c). DC fast charging, also known as quick charging or supercharging, is 
the fastest charging method. It requires a 480-volt connection, which cannot be installed in the 
home so stations are usually located in shopping centers and along major travel corridors 
(CVRP, 2019c). This charging method only works on BEVs and not on PHEVs (CVRP, 2019c). 
For most drivers, the most convenient and inexpensive way of charging PEVs is to do it 
at home with Level 1 or Level 2 chargers. But this method usually requires a driver to reside in a 
single-family home with a garage where they can plug in their vehicle. Home charging is not a 
viable option if a driver resides in a multi-unit dwelling without their own garage. In California’s 
costly housing market, low-income households are 2.3 times more likely to rent than moderate- 
to higher-income households and often, they rent a unit rather than a single-family home 
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(Brinklow, 2017). Public charging stations exist as an alternative to home charging, but the 
stations may not be widespread, convenient, or affordable enough to appeal to potential 
consumers.  
To address gaps in charging infrastructure, the California Energy Commission (CEC) 
created the California Electric Vehicle Infrastructure Project (CALeVIP) to incentivize the 
installation of Level 2 and DC fast chargers for PEVs at publicly accessible locations throughout 
the state (CEC, 2018, p. 9-10). The aim of CALeVIP is to support regions in their plans to install 
charging stations to meet current and future needs. Ideally, PEV drivers will have reliable access 
to chargers and the availability of them will encourage more Californians to adopt PEVs. 
CALeVIP’s first regional project, the Fresno County Incentive Project, was inaugurated in 
December 2017, providing rebates of up $7,000 for Level 2 chargers (CEC, 2018, p. 10).  The 
Southern California Incentive Project began in August 2018, providing up to $80,000 for the 
installation of DC fast chargers in Los Angeles, Orange, Riverside and San Bernardino Counties. 
This project also requires that 25% of its funding be directed to projects in disadvantaged 
communities (CEC, 2018, p. 10). Now, there are a total of six regional projects. In addition to the 
first two mentioned, there are four other projects: San Joaquin Valley Incentive Project, Central 
Coast Incentive Project, Northern California Incentive Project, and Sacramento County Incentive 










This research follows Sylvia & Sylvia’s Outcome Evaluation model consisting of an explanation 
of the approach and the component parts of the CVRP program: the theoretical goal, program 
goals, program functions, proximate indicators, measures, and anticipated outcomes (Sylvia & 
Sylvia, 2012, p. 115-138). An outcome evaluation was conducted by studying publicly available 
data to determine whether CVRP is increasing ZEV adoption, particularly by low-income 
consumers in California. An outcome evaluation focused on the activities from 2010 to the 
present. An analysis of the outcomes recorded measured whether CVRP is meeting its stated 
goals and anticipated outcomes.  
Vehicle registration data was gathered from the California Department of Motor Vehicles 
(DMV) website (DMV, 2018), (DMV, 2019). This data included the total number of vehicle 
registrations and ZEV registrations in California in 2018 and 2019. It was used to calculate the 
percentage of ZEVs registrations compared to ICEVs registrations, the net percentage changes of 
ZEVs registrations, and the net percentage changes of ICEVs registrations, to see whether these 
numbers are increasing. The California New Car Dealers Association’s (CNCDA) Green Vehicle 
Reports publish data on the registration of all new vehicles in California from 2016 to 2018, and 
break it down to the specific numbers of registrations of new ZEVs and new ICEVs (CNCDC, 
2019). This data was used to calculate the percentage of new ZEVs registrations compared to 
new ICEVs registrations, the net percentage changes of new ZEVs registrations, and the net 
percentage changes of new ICEVs registrations, to see whether these numbers are increasing. 
Data was gathered from CVRP Rebate Statistics to compute the total number of rebates 
issued annually from 2010 to 2019, categorized by ZEV type, vehicle manufacturer, air district, 
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rebate amount, and if the rebate recipient resides in a low-income community (CVRP, 2019h). In 
2016, CVRP began implementing the supplementary low-income level rebate so the total 
number of rebates issued was compared to the number of rebates issued to low-income 
consumers annually from 2016 to 2019. This data was used to see whether the number of rebates 
is increasing and whether the change in the number of rebates is different in low-income 
consumers compared to moderate- and higher-income consumers.  
The CVRP Consumer Survey 2013-17 is a dataset collected October 2013 to August 
2017 from 40,028 voluntary respondents who received CVRP rebates (CVRP, 2019k). The 
survey examines the CVRP “program impacts, consumer demographics and housing 
characteristics, purchase/lease motivations, decision-making processes” (CVRP, 2019k). Data 
regarding the responses to three survey questions were inputted into SPSS to find statistical 
significance and to see whether the rebates offered are persuading consumers to adopt ZEVs. 
The operating costs of ZEVs are often perceived to be more than ICEVs. The U.S. 
Energy Information Administration (EIA) provides updated retail electricity and gasoline prices 
in California (EIA, 2020a), (EIA, 2020b). The U.S. Department of Energy (DOE) website has a 
Vehicle Cost Calculator tool to compare the operating costs of a ZEV to a similar gasoline-
fueled ICEV, holding all driving conditions constant (DOE, 2019b). This tool was used to 
compare the annual cost of electricity of a ZEV, the annual cost of gasoline of an ICEV, and the 
overall annual operating costs for both types of vehicles. It also assessed the amount of carbon 
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The aforementioned data will be used to measure if CVRP is meeting its anticipated 
outcomes. After the outcome evaluation is complete, the findings will substantiate whether 
CVRP is effective in promoting the adoption of ZEVs by disadvantaged populations in 
California using two income indicators: 1) consumers of residing in low-income communities (as 
designated by AB 1550) and 2) low-income consumers (consumers with household incomes less 
than or equal to 300% of the FPL, the designation used by CVRP to determine eligibility for 
supplementary low-income rebates). The assessment will present the income and geographical 
distribution of the CVRP rebates. It will also uncover the numbers of the three types of ZEVs 
being adopted as well which ZEV manufacturers are the most popular. Furthermore, the CVRP 
program will be evaluated from a multi-faceted approach instead of just the singular approach of 
finding the number of rebates dispersed. Is CVRP making a difference and beneficial in other 
ways than just providing a rebate check? Is CVRP stimulating ZEV adoption enough to have an 













FINDINGS AND DESCRIPTIVE STATISTICS 
Findings on Vehicle Registrations in California  










ZEVs out of Total 
Registrations of 
Vehicles 
2018 30,581,168 30,235,929 345,239 1.13% 
2019 32,034,413 31,554,871 479,542 1.50% 
Source: DMV, 2018 & DMV, 2019 
 
The DMV lists registration data from 2018 and 2019 for all registered vehicles (both new 
and used) in California and consolidated them into two main categories: ZEVs (FCEVs, BEVs, 
PHEVs) and ICEVs (all other vehicle types) as reflected in Table 3 (DMV, 2018), (DMV, 2019). 
The data was consolidated into two main categories: ZEVs (FCEVs, BEVs, PHEVs) and ICEVs 
(all other vehicle types). In 2018, there were 30,581,168 total registrations of vehicles in 
California. Of those, 30,235,929 were registrations of ICEVs and 34,5239 were registrations of 
ZEVs. Out of the total registrations, 1.13% were ZEVs. In 2019, there were 32,034,413 total 
registrations of vehicles in California. Of those, 31,554,871 were registrations of ICEVs and 































2016 2,013,831 1,938,757 75,074 3.73% 
2017 1,949,123 1,850,661 98,462 5.05% 
2018 1,844,336 1,686,677 157,659 8.55% 
Source: CNCDC, 2019 
 
CNCDA’s Green Vehicle Reports deliver data on the registration of new vehicles in 
California from 2016 to 2018 as presented in Table 4 (CNCDC, 2019). In 2016, there were 
2,013,831 total registrations of new vehicles in California. Of those, 1,938,757 were registrations 
of new ICEVs and 75,074 were registrations of new ZEVs. Out of the total new registrations, 
3.73% were ZEVs. In 2017, there were 1,949,123 total registrations of new vehicles in 
California. Of those, 1,850,661 were registrations of new ICEVs and 98,462 were registrations of 
new ZEVs. Out of the total new registrations, 5.05% were ZEVs. In 2018, there were 1,844,336 
total registrations of new vehicles in California. Of those, 1,686,677 were registrations of new 


















Findings on Overall CVRP Rebates 
 
Table 5: CVRP Rebates Issued, March 2010-November 2019 











Total 2010-2019 365,964 
Source: CVRP, 2019h 
 
Figure 2: SPSS Output of CVRP Rebates Issued, March 2010-November 2019 
 N Sum Mean 
Total CVRP Rebates March 2010- November 2019 365,964 $838,695,276 $2291.74 
Source: CVRP, 2019h 
 
The CVRP website provides the numbers of rebates issued for the purchase or lease of a 
ZEV from when the program began in March 2010 through November 2019, which is the most 
recent month listed (CVRP, 2019h). As shown in Table 5, during that period of time, a total of 
365,964 CVRP rebates have been issued. Figure 2 is an output from SPSS, detailing that the total 










Table 6: CVRP Rebates Issued by ZEV Type, March 2010-November 2019 
ZEV Type CVRP Rebates Issued Percentage of Total CVRP 
Rebates Issued 
Other 1,061 0.3% 
FCEV 6,904 1.9% 
PHEV 130,884 35.8% 
BEV 227,115 62.1% 
Total of all ZEV Types 365,964 100.0% 
Source: CVRP, 2019h 
 
Figure 3: CVRP Rebates Issued by ZEV Type, March 2010-November 2019
 
Source: CVRP, 2019h 
 
Table 6 and Figure 3 are two different formats depicting the same data: the overall 
numbers of the CVRP rebates issued from March 2010 to November 2019, sorted by ZEV type 
(CVRP, 2019h). BEVs are the ZEV type that rebates were issued for most with 227,115, which 








Figure 4: CVRP Rebates Issued by Vehicle Manufacturer, March 2010-November 2019 
Source: CVRP, 2019h 
 
Figure 4 illustrates the overall numbers of CVRP rebates issued, sorted by vehicle 
manufacturer, from March 2010 to November 2019 (CVRP, 2019h). The vehicle manufacturer 
for which the greatest number of rebates were issued for is Tesla, which accounts for 27.6% of 
total rebates issued, followed by Chevrolet with 19.6%, Toyota with 11.1%, Nissan with 11.0%, 
















Figure 5: CVRP Rebates Issued by Air District, March 2010-November 2019 
Source: CVRP, 2019h 
 
Figure 5 shows overall CVRP rebates issued, sorted by the California air district the 
recipients reside in, with data from March 2010 to November 2019 (CVRP, 2019h). California’s 
35 local air districts are responsible for the regulation and monitoring of regional air quality, 
implementation of air improvement programs, and reporting of information to CARB (CARB, 
2020a). The air district with the most amount of rebates issued is the South Coast Air Quality 
Management District (AQMD), which “includes Los Angeles County except for areas covered 
by the Antelope Valley AQMD, Orange County, and the western portion of San Bernardino and 
Riverside counties” (CARB, 2020a), accounting for 44.0% of total rebates issued, followed by 
Bay Area AQMD with 34.4%, San Diego County Air Pollution Control District (APCD) with 






Figure 6: CVRP Rebates Issued by Amount, March 2010-November 2019 
 
Source: CVRP, 2019h 
 
Figure 6 displays overall CVRP rebates issued, sorted by amount, from March 2010 to 
November 2019 (CVRP, 2019h). The rebate amount issued most often is $2,500, which accounts 
for 58.5% of total rebates issued. Table 1 indicates that this is the “standard” rebate amount 
issued to moderate-income consumers who adopt BEVs. Following that, the second rebate 
amount issued most often is $1,500 with 33.6% of total rebates issued. This is the “standard” 
rebate amount issued to moderate-income consumers who adopt PHEVs. Following that, the 
third rebate amount issued most often is $4,500 with 2.4% of total rebates issued. This is the 
rebate amount issued to low-income consumers who adopt BEVs. Following that, the fourth 
rebate amount issued most often is $5,000 with 2.2% of total rebates issued. This is the rebate 
amount issued to moderate- and higher-income consumers who adopt FCEVs. Following that, 
the fifth rebate amount issued most often is $3,500 with 1.9% of total rebates issued. This is the 
rebate amount issued to low-income consumers who adopt PHEVs (CVRP, 2019h). 
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Findings on CVRP Rebates Issued to Consumers in Low-Income Communities  
 
Table 7: CVRP Rebates Issued to Consumers in Low-Income Communities, March 2010-
November 2019 
Year Total CVRP 
Rebates Issued 
CVRP Rebates Issued 
to Consumers in Low-
Income Communities 
Percentage of Total CVRP 
Rebates Issued 
2010 135 23 17.04% 
2011 4,521 856 18.93% 
2012 11,219 1,645 14.66% 
2013 29,152 4,175 14.32% 
2014 43,702 7,121 16.29% 
2015 46,543 7,461 16.03% 
2016 44,455 7,785 17.51% 
2017 47,758 9,488 19.87% 
2018 73,380 14,426 19.66% 
2019 65,099 13,889 21.34% 
Total 2010-2019 365,964 66,869 Average 2010-2019: 18.3% 
Source: CVRP, 2019h 
 
Figure 7: SPSS Output of CVRP Rebates Issued to Consumers in Low-Income 
Communities, March 2010-November 2019 
 N Sum Mean 
Total CVRP Rebates Issued to 
Consumers in Low-Income Communities 
March 2010- November 2019 
66,869 $156,613,698 $2,342.10 
Source: CVRP, 2019h 
 
Table 7 displays the number of overall CVRP rebates compared to the number of CVRP 
rebates issued to consumers residing in low-income communities (as designated by AB 1550), 
and the percentage of the CVRP rebates issued to recipients in low-income communities of 
overall CVRP rebates from March 2010 through November 2019 (CVRP, 2019h). During this 
period of time, a total of 66,869 CVRP rebates were issued to consumers residing in low-income 
communities, accounting for 18.3% of total rebates issued. Figure 7 is an output from SPSS, 
detailing that the total amount of CVRP rebates issued to consumers residing in low-income 
communities is $156,613,698, and the average rebate amount issued is $2,342.10. 
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Table 8: CVRP Rebates Issued to Recipients in Low-Income Communities by ZEV Type, 
March 2010-November 2019 
ZEV Type CVRP Rebates Issued to 
Consumers in Low-Income 
Communities 
Percentage of Total CVRP 
Rebates Issued 
Other 330 0.5% 
FCEV 1,289 1.9% 
PHEV 26,560 39.7% 
BEV 38,690 57.9% 
Total of all ZEV Types 66,869 100.0% 
Source: CVRP, 2019h 
 
Figure 8: CVRP Rebates Issued to Consumers in Low-Income Communities by ZEV Type, 
March 2010-November 2019 
 
Source: CVRP, 2019h 
 
Table 8 and Figure 8 are two different formats presenting the same data: the numbers of 
the CVRP rebates issued to consumers residing in low-income communities, sorted by ZEV type 
and the percentage of the CVRP rebates issued to consumers in low-income communities by 
ZEV type (CVRP, 2019h). From March 2010 to November 2019, a total of 66,869 rebates have 
been issued to consumers in low-income communities. BEVs are the ZEV type that rebates were 
issued for most to consumers in low-income communities with 38,690, which accounts for 
57.9% of total rebates issued consumers in low-income communities, followed by PHEVs with 
39.7%, and then by FCEVs with 1.9% (CVRP, 2019h). 
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Figure 9: CVRP Rebates Issued to Consumers in Low-Income Communities by Vehicle 
Manufacturer, March 2010-November 2019 
Source: CVRP, 2019h 
 
Figure 9 illustrates the number of CVRP rebates issued to consumers residing in low-
income communities, sorted by vehicle manufacturer, from March 2010 to November 2019 
(CVRP, 2019h). The vehicle manufacturer with the greatest number of rebates issued to 
consumers residing in low-income communities is Tesla, which accounts for 22.6% of total 
rebates issued to consumers residing in low-income communities, followed by Chevrolet with 














Figure 10: CVRP Rebates Issued to Consumers in Low-Income Communities by Amount, 
March 2010-November 2019 
 
Source: CVRP, 2019h 
 
Figure 10 portrays the CVRP rebates issued to consumers residing in low-income 
communities, sorted by amount, from March 2010 to November 2019 (CVRP, 2019h). The 
rebate amount issued most is $2,500, which accounts for 51.5% of total rebates issued to 
consumers residing in low-income communities. Table 1 shows that this is the “standard” rebate 
amount issued to moderate-income consumers who adopt BEVs. Following that, the second most 
rebate amount issued is $1,500 with 34.7% of total rebates issued to consumers residing in low-
income communities. This is the “standard” rebate amount issued to moderate-income 
consumers who adopt PHEVs. Following that, the third most rebate amount issued is $3,500 
with 4.5%. This is the rebate amount issued to low-income consumers who adopt BEVs. 
Following that, the fourth most rebate amount issued is $4,500 with 4.3%. This is the rebate 
amount issued to low-income consumers who adopt PHEVs. Following that, the fifth most rebate 
amount issued is $5,000 with 0.6%. This is the rebate amount issued to higher- and moderate-
income consumers who adopt FCEVs (CVRP, 2019h). 
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Findings on CVRP Rebates Issued to Low-Income Consumers  
 
Table 9: CVRP Rebates Issued to Low-Income Consumers, March 2016-November 2019 
Year Total CVRP Rebates 
Issued 
CVRP Rebates Issued 
to Low-Income 
Consumers 
Percentage of Total 
CVRP Rebates Issued 
2016 44,455 2,358 5.30% 
2017 47,758 4,435 9.29% 
2018 73,380 5,011 6.83% 
2019 65,099 5,987 9.20% 
Total  
2016-2019 230,692 17,791 
Average 2016-2019: 
7.71% 
Source: CVRP, 2019h 
 
Figure 11: SPSS Output of CVRP Rebates Issued to Low-Income Consumers, March 2016-
November 2019 
 N Sum Mean 
Total CVRP Rebates Issued to Low-
Income Consumers March 2016- 
November 2019 
17,791 $72,658,786 $4,084.02 
Source: CVRP, 2019h 
 
 In March 2016, the CVRP introduced increased rebate amounts for low-income 
consumers. Table 9 displays the number of overall CVRP rebates from March 2016 through 
November 2019, compared to the number of CVRP rebates issued to low-income consumers, 
and the percentage of the CVRP rebates issued to low-income consumers out of the overall 
CVRP rebates issued (CVRP, 2019h). During this period of time, a total of 17,791 CVRP rebates 
were issued to low-income consumers, accounting for 7.71% of total rebates issued. Figure 11 is 
an output from SPSS, detailing that the total amount of CVRP rebates issued to low-income 









Table 10: CVRP Rebates Issued to Low-Income Consumers by ZEV Type, March 2016-
November 2019 
ZEV Type  CVRP Rebates Issued to 
Low-Income Consumers 
Percentage of CVRP 
Rebates Issued to Low-
Income Consumers by ZEV 
Type 
FCEV 7,657 2.8% 
PHEV 9,631 43.0% 
BEV 17,791 54.1% 
Total of all ZEV Types 7,657 100.0% 
Source: CVRP, 2019h 
 
Figure 12: CVRP Rebates Issued to Low-Income Consumers by ZEV Type, March 2016-
November 2019 
 
Source: CVRP, 2019h 
 
Table 10 and Figure 12 are two different formats depicting the same data: the numbers of 
the CVRP rebates issued to low-income consumers by ZEV type and the percentage of the 
CVRP rebates issued to low-income consumers by ZEV type (CVRP, 2019h). From March 2016 
to November 2019, a total of 7,657 rebates were issued to low-income consumers. BEVs are the 
ZEV type that rebates were issued for most to low-income consumers with 17,791, which 
accounts for 54.1% of total rebates issued recipients in low-income communities, followed by 
PHEVs with 43.0%, and then by FCEVs with 2.8% (CVRP, 2019h). 
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Figure 13: CVRP Rebates Issued to Low-Income Consumers by Vehicle Manufacturer, 
March 2016-November 2019 
 
Source: CVRP, 2019h 
 
Figure 13 illustrates the CVRP rebates issued to low-income consumers, sorted by 
vehicle manufacturer, from March 2016 to November 2019 (CVRP, 2019h). The vehicle 
manufacturer with the greatest number of rebates issued to low-income consumers is Tesla, 
which accounts for 20.0% of total rebates issued to consumers residing in low-income 
communities, followed by Chevrolet with 18.8%, Toyota with 15.4%, FIAT with 9.3%, and 












Figure 14: CVRP Rebates Issued to Low-Income Consumers by Vehicle by Amount, 
March 2016-November 2019 
 
Source: CVRP, 2019h 
 
Figure 14 displays the CVRP rebates issued to low-income consumers, sorted by amount 
from March 2016 to November 2019 (CVRP, 2019h). The rebate amount issued most often is 
$4,500, which accounts for 47.6% of total rebates issued to low-income consumers. Table 1 
indicates that this is the rebate amount issued to low-income consumers who adopt BEVs. 
Following that, the second rebate amount issued most often is $3,500 with 38.9% of total rebates 
issued. This is the rebate amount issued to low-income consumers who adopt PHEVs. Following 
that, the third rebate amount issued most often is $4,000 with 6.5% of total rebates issued. This 
rebate amount does not correspond to any of the CVRP rebate amounts offered to low, moderate, 




Figure 15: SPSS Output of Correlation Between CVRP Rebate Recipients Residing in Low-
Income Communities and CVRP Low-Income Rebate Recipients  
 
Low-Income Community and Low-Income Increased Rebate Crosstabulation 
 
Low-income Increased Rebate 
Total 0 1 
Low-Income Community 0 Count 173,726 11,378 185,104 
% within Low-Income 
Community 
93.9% 6.1% 100.0% 
% within Low-income 
Increased Rebate 
81.6% 64.0% 80.2% 
% of Total 75.3% 4.9% 80.2% 
1 Count 39,175 6,413 45,588 
% within Low-Income 
Community 
85.9% 14.1% 100.0% 
% within Low-income 
Increased Rebate 
18.4% 36.0% 19.8% 
% of Total 17.0% 2.8% 19.8% 
Total Count 212,901 17,791 230,692 
% within Low-Income 
Community 
92.3% 7.7% 100.0% 
% within Low-income 
Increased Rebate 
100.0% 100.0% 100.0% 
% of Total 92.3% 7.7% 100.0% 
Source: CVRP, 2019h 
  
Figure 15 is an output from SPSS portraying the correlation between the two income 
indicators used by this research: CVRP rebate recipients residing in low-income communities 
and the CVRP rebate recipients who are low-income (CVRP, 2019h). As highlighted in yellow, 
6,413 or 36% of low-income rebate recipients also reside in low-income communities. This 






Findings on CVRP Consumer Survey 2013-2017 
The CVRP Consumer Survey 2013-17 asked 40,028 voluntary respondents to rate the 
importance and the essentiality of the CVRP rebate on their capability to adopt a PEV (which 
includes both BEVs and PHEVs). It also inquired what their interest level in PEVs was during 
the initial vehicle search (CVRP, 2019k). The questions did not address FCEVs. 
Table 11: Rebate Importance: CVRP Consumer Survey 2013-17 
Question: How important was the state rebate (CVRP) in making it possible to acquire a 
PEV? 
Value Description of Value Number of Respondents 
Who Selected this Value 
Percentage of Total 
Respondents 
1 Not at all important 1,203 3.0% 
2 Slightly important 2,887 7.2% 
3 Moderately important 6,324 15.8% 
4 Very important 10,890 27.2% 
5 Extremely important 17,993 45.0% 
N/A Did not make a selection  731 1.8% 
Total  39,297 100.0% 


























Figure 16: Rebate Importance: CVRP Consumer Survey 2013-17 
Source: CVRP, 2019k 
 
Table 11 and Figure 16 are two different formats conveying how important the CVRP 
rebate was in making it possible for respondents to adopt a ZEV. A vast majority (95.2%) 





















Table 12: Rebate Essentiality: CVRP Consumer Survey 2013-17 
Question: Would you have purchased or leased or PEV without the CVRP rebate? 
Value Description of Value Number of Respondents 
Who Selected this Value 
Percentage of Total 
Respondents 
0 No 19,360 48.4% 
1 Yes 20,164 50.4% 
N/A Did not make a selection 504 1.3% 
Total  40,028 100.0% 
Source: CVRP, 2019k 
 
Figure 17: Rebate Essentiality: CVRP Consumer Survey 2013-17 
Source: CVRP, 2019k 
 
Table 12 and Figure 17 are two different formats representing data on whether 
respondents would have adopted a PEV without the CVRP rebate. The responses were closely 
split, with 48.4% answering that they would not have adopted a PEV without the CVRP rebate 








Table 13: PEV Interest: CVRP Consumer Survey 2013-17 
Question: Which of the following statements best describes your interest in acquiring a 
PEV when you started your search for a new vehicle? 
Value Description of Value Number of Respondents 
Who Selected this 
Value 
Percentage of Total 
Respondents 
1 I did not know PEVs existed 670 1.7% 
2 I had no interest in a PEV 1,592 4.0% 
3 I had some interest in a PEV 7,409 18.5% 
4 I was very interested in a PEV 12,637 31.6% 
5 I was only interested in a PEV 17,592 43.9% 
N/A Did not make a selection  128 0.3% 
Total  39,990 100.0% 
Source: CVRP, 2019k 
 
Figure 18: PEV Interest: CVRP Consumer Survey 2013-17 
Source: CVRP, 2019k 
  
Table 13 and Figure 18 are two different formats illustrating respondents’ level of interest 
in PEVs when they began searching for a new vehicle. Nearly all (98%) expressed some level of 





Findings on GHG Emissions in California 
 
Table 14: Total GHG Emissions of Light-Duty Vehicles in California 2010-2017 
Year Total GHG Emissions from Light- 
Duty Vehicles in Million Tonnes 
Percentage Change of GHG 
Emissions from Previous Year 
2010 112.90  N/A 
2011 110.10 -2.48% 
2012 110.49  0.36% 
2013 110.27 -0.21% 
2014 110.88  0.56% 
2015 114.82  3.55% 
2016 117.45  2.29% 
2017 118.20  0.64% 
Source: CARB, 2020b 
 
CARB’s Greenhouse Gas Emissions Inventory lists the total amount of GHG emissions 
produced by light-duty vehicles, which includes passenger cars, trucks, SUVs (and excludes 
motorcycles) in California from 2010 to 2017, as reflected in Table 14 (CARB, 2020b). The unit 
of measurement used is million tonnes. A tonne is a metric unit of mass equal to 1,000 kilograms 
or approximately 2,204.6 pounds. From 2010 to 2017, the average total GHG emissions from 
light-duty vehicles was 113.14 million tonnes. The year 2017 had the highest total of GHG 
emissions at 118.20 million tonnes, while the year 2011 had the lowest total of GHG emissions 


















Comparison of ZEV and ICEV Operating Costs and Emissions 
 




Source: DOE, 2019b 
 
Figure 19 is from the DOE website’s Vehicle Cost Calculator, a tool used to compare the 
annual operating cost of a ZEV to a similar gasoline-fueled ICEV (DOE, 2019b). This 
comparison is between two vehicles similar in class (four-door sedans with room for five 
passengers) and popularity: 1) the most purchased ZEV in California, the 2019 Tesla Model 3 
base model (with a Manufacturer Suggested Retail Price or MSRP of $35,000), and 2) the most 
purchased ICEV in California, the 2019 Toyota Camry LE/SE model (MSRP $24,095). The 
Vehicle Cost Calculator was inputted with the most up-to-date March 2020 average gasoline 
price of $3.26/gallon in California (EIA, 2020a), and the most up-to-date January 2020 average 
electricity price of 19.94 cents/kilowatt hour in California (EIA, 2020b). According to this tool, 
the annual operating cost of the ZEV is $2,701, while the annual operating cost of the ICEV is 
$3,380. It costs $0.23 per mile to drive the ZEV and it costs $0.26 per mile to drive the ICEV. 
Annually, the ICEV uses 344 gallons of gasoline and emits 8,265 pounds of carbon dioxide 
(CO2), which is a GHG. Annually, the ZEV uses 0 gallons of gasoline since it is powered by 








The main objective of this research is to evaluate the impact of CVRP rebates on the adoption of 
ZEVs by low-income consumers. By using the measures M1-M4 specified in the Logic Model 
(Table 2), the research will determine if the program is meeting the anticipated outcomes AO1-
AO5. 
Analysis of Measures and Outcomes 
M1 (Track total number of ZEV registrations in California) 
M2 (Track percentage of registration changes of ZEVs compared to ICEVs in California) 
The number of ZEV registrations is increasing in California (Table 3) so AO1 (Total 
number of ZEV registration should increase in California) is being met. Between 2018 and 2019, 
the number of ZEVs registered went from 345,239 to 479,542, which represents a 38.9% 
increase. In comparison, during that period of time, the number of ICEVs registered only 
increased 4.36%. In 2018, ZEVs accounted for 1.13% of total vehicle registrations in 2018. In 
2019, ZEV accounted for 1.50% of total vehicle registrations (Table 3). That is a 33% increase 
so AO2 (Percentage of ZEV registrations compared to ICEV registrations in California should 
increase) is being met.   
The increasing number of ZEV registrations can be attributed to the growing number of 
new ZEVs purchased or leased. Although there is a decrease in the total number of new vehicles 
registered from 2018 through 2016, the numbers of new ZEVs registered during those years 
increased, indicating rising levels of ZEV adoption (Table 4). In 2016, new ZEV registrations 
accounted for 3.73% of all new vehicle registrations (Table 4). By 2018, that number rose to 
8.55%, confirming that more consumers are adopting ZEVs (Table 4). From 2016 to 2017, the 
number of new ZEV registrations ascended 31.15%, meaning that many more ZEVs were 
adopted. From 2017 to 2018, that number soared 60.12% (Table 4). 
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A factor that may affect why more consumers are adopting ZEVs is that these vehicles 
have lower annual operating costs than ICEVs. The assessment in Figure 19 found that the 
annual operating cost of the ICEV model is 25.1% more than the ZEV. Furthermore, some 
consumers are interested in reducing GHG emissions levels and may be drawn to ZEVs because 
their emissions are considerably less than ICEVs. Figure 19 also showed that the ICEV model 
emits 524.76% more carbon dioxide than the ZEV model. 
M3 (Track total number of CVRP rebates issued annually)  
M4 (Track percentage change in rebates issued to consumers residing in low-income 
communities and to low-income consumers) 
 The total number of CVRP rebates issued steadily increased every year from 2010 to 
2018, except for in 2016 (Table 5) so AO3 (Total number of rebates issued should increase) is 
being met. The number for 2019 is not complete as it is only updated up to November 2019. 
However, in the CVRP Rebate Statistics data, it can be pinpointed that from January 2018 to 
November 2018, the number of CVRP rebates issued was 64,825 (CVRP, 2019h). From January 
2019 to November 2019, that number was 65,099. This implies that the number of CVRP rebates 
issued in 2019 is on trend to be close to the number of CVRP rebates issued in 2018 (CVRP, 
2019h). 
 The number of CVRP rebates issued to consumers residing in low-income communities 
climbed each year from 2010 to 2019 (Table 7). The number of CVRP rebates issued to low-
income consumers is also rising each year from when the supplementary rebates were 
implemented in 2016 through November 2019 (Table 9) so AO4 (Total number of rebates issued 
to consumers residing in low-income communities and to low-income consumers should increase 
year after year) is being met. 
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Based on the data from the CVRP Consumer Survey 2013-2017, most consumers find the 
CVRP rebates fairly important in their capability to adopt a ZEV. Eighty-eight percent of 
respondents stated that the CVRP rebate is moderately, very, or extremely important in making it 
possible to acquire a PEV (Table 11). Ninety-four percent of respondents answered that during 
the early stages of their search for a new vehicle, they had some interest in a PEV, they were 
very interested in a PEV, or they were only interested in a PEV (Table 13). This data was 
evaluated using logistical regression to examine the relationship between rebate essentiality, 
rebate importance, and PEV interest. Logistic regression is used when there is a binary 
dependent variable, such as rebate essentiality (0 = No, 1 = Yes). The other factors, rebate 
importance and PEV interest, were controlled using SPSS. A logistic regression test was run with 
the question, “Would you have purchased or leased your PEV without the CVRP rebate?” as the 
dependent variable to get the change outcome of 1 or “Yes” with every unit change in the other 
two questions, “How important was the state rebate (CVRP) in making it possible to acquire a 
PEV?” and “Which of the following statements best describes your interest in acquiring a PEV 
when you started your search for a new vehicle?” 
The SPSS result in Figure 20 affirms that both of these questions are statistically 
important. This is because with every unit of change in the question, “How important was the 
state rebate (CVRP) in making it possible to acquire a PEV?”, it decreases the odds of adopting a 
PEV by 0.211 or 21.1%. This means the more important the CVRP rebate is to a consumer, the 
less likely they are to adopt a PEV without the rebate. With every unit of change in question, 
“Which of the following statements best describes your interest in acquiring a PEV when you 
started your search for a new vehicle?”, it increases the odds of adopting a PEV by 0.038 or 
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3.8%. This means the more interested a consumer is in a PEV, the more likely they are to adopt a 
PEV without the CVRP rebate.  
Figure 20: SPSS Output of Relationship Between Rebate Essentiality, Rebate Importance, 
and PEV Interest 
 
















The assessments of measures M1-M4 indicate that anticipated outcomes AO1-AO4 are 
being met, but how well are they being met? The percentage of CVRP rebates issued to 
consumers residing in low-income communities (out of the total CVRP rebates issued) initially 
decreased in 2012 and 2013, but since then, it has gradually increased (Table 7). Pursuant to AB 
1550, at least 35% of the proceeds from the Greenhouse Gas Reduction Funds should assist 
“priority populations,” including disadvantaged communities, low-income communities, and 
low-income households (CARB, 2018). However, only three air districts, South Coast SQMD, 
Bay Area AQMD, and San Diego County APCD, account for 86.6% of where CVRP rebate 
recipients reside (Figure 5). This illuminates that CVRP rebates are not equitably dispersed—
Figure 1 illustrates that AB 1550 low-income communities exist throughout many parts of 
California and mostly outside of the regions of the three air districts stated.  
Since 35% of CVRP funding is apportioned to vulnerable populations, it is reasonable to 
expect that 35% of CVRP rebates should be issued to consumers residing in low-income 
communities and/or to low-income consumers. However, CVRP rebates issued to consumers 
residing in low-income communities only account for 18.3% of total CVRP rebates issued 
between 2010 and 2019 (Table 7). In addition, CVRP rebates issued to low-income consumers 
only account for 7.71% of total CVRP rebates issued between 2016 and 2019 (Table 9). It can be 
inferred that AO4 (Total number of rebates issued to consumers residing in low-income 
communities and to low-income consumers should increase year after year) is not being met 







Table 15: Comparing Percentage Change of CVRP Rebates Issued, Percentage Change of 
CVRP Rebates Issued to Consumers in Low-Income Communities, and Percentage Change 








































2010 135 N/A 23 N/A N/A N/A 
2011 4,521 3248.89% 856 3621.74% N/A N/A 
2012 11,219 148.15% 1,645 92.17% N/A N/A 
2013 29,152 159.84% 4,175 153.80% N/A N/A 
2014 43,702 49.91% 7,121 70.56% N/A N/A 
2015 46,543 6.50% 7,461 4.77% N/A N/A 
2016 44,455 -4.49% 7,785 4.34% 2,358 N/A 
2017 47,758 7.43% 9,488 21.88% 4,435 88.08% 
2018 73,380 53.65% 14,426 52.04% 5,011 12.99% 
2019 65,099 -11.29% 13,889 -3.72% 5,987 19.48% 
Average 
2010-2019  51.21%  49.48%  40.18% 
Source: CVRP, 2019h 
 
Table 15 presents the number of overall CVRP rebates issued, the number of CVRP 
rebates issued to consumers residing in low-income communities, and the number of CVRP 
rebates issued to low-income consumers (CVRP, 2019h). It also details the percentage changes 
from the previous year for each of the three rebate categories mentioned. On average, the 
percentage change from the previous year is the highest for overall CVRP rebates issued at 
51.21%. The percentage change for CVRP rebates issued to consumers residing in low-income 
communities averaged 49.48%. The percentage change for CVRP rebates issued to low-income 
consumers averaged 40.18%. This verifies that AO5 (The percentage of rebates issued to 
consumers residing in low-income communities and the percentage of rebates issued to low-
income consumers should increase at greater rates than overall rebates issued) is not being met. 
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 How can CVRP improve and meet all of its anticipated outcomes? In other words, how 
can CVRP rebates be issued to more “priority populations”? These populations face greater 
threats of GHG emissions-related health issues so they stand to benefit more if CVRP is 
successful in meeting its legislative intent of reducing GHGs by putting more ZEVs on the road. 
Since 35% of the funding for CVRP is directed to these populations, it is imperative to address 
the barriers that prevent them from adopting ZEVs in higher numbers and receiving 35% of the 
rebates.   
One impediment is the concern of finding a charging location. As discussed in the 
literature review, charging PEVs can be done in the garage of a single-family home, but many 
low-income households live in apartment complexes and condominiums that do not offer access 
to PEV charging. California is evidently taking action to improve charging infrastructure— 
EO B-48-18 will fund 250,000 PEV charging stations and 200 FCEV hydrogen stations by 2025 
(California Office of the Governor, 2018). It is also auspicious that the CALeVIP program offers 
financial assistance for the installation of public PEV charging stations (CEC, 2018, p. 9-10). 
However, it needs to be ensured that these stations will be accessible to low-income drivers. The 
locations of the stations should be deliberately planned so that they are equitably distributed 
throughout California, with at least 35% in SB 535 designated disadvantaged communities and 
AB 1550 designated low-income communities (Figure 1). To assure that low-income drivers can 
afford to access public charging stations, California should set limits on the pricing.  
This research along with the two reports from UC Davis have concluded that CVRP 
rebates have largely gone to moderate-and higher-income consumers instead of to low-income 
consumers, demonstrating an inequitable distribution among income groups (UC Davis, 2019a), 
(UC Davis, 2019b). To be a more efficient program, the percentage of rebate recipients 
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persuaded to adopt a ZEV because of an incentive should increase while the percentage of rebate 
recipients who would have adopted a ZEV anyway should decrease. To be a more equitable 
program, incentives should be evenly disbursed to all income groups. If not enough consumers 
from all income groups, including low-income consumers, are convinced to adopt ZEVs, 
California will not meet its goal of five million ZEVs on the roads by 2030 nor will the state 
achieve its GHG emission targets. 
There are several approaches to tackle the objectives to an efficient and equitable 
program. One option is to enact another income cap. Currently, higher-income consumers only 
receive rebates for rebates for FCEVs, and not for BEVs and PHEVs. An income cap could be 
instituted so that higher-income consumers are not eligible for any rebate, not even the one for 
FCEVs since that particular one is a relatively high amount of $5,000. While FCEVs are the least 
adopted out of the three ZEV types, overall, $26,303,168 million in rebates have still been issued 
for them from 2010 to 2019 (CVRP, 2019h). Although it is not enumerated how much of this 
was issued to higher-income consumers, the discontinuance of rebates for this income group 
would free up resources that could instead be used to increase rebate amounts for low-income 
consumers. Research also uncovers that since higher-income consumers have the financial means 
to adopt a ZEV without assistance, rebates offered do not carry much significance to them (UC 
Davis, 2019a). Studies show that income caps would reduce rebates issued to higher-income 
consumers while not decreasing the amount of ZEVs adopted overall (UC Davis, 2019b, p. 5). 
Rebate programs are mainly utilized by higher-income consumers who would have adopted a 
ZEV anyway, not because of the incentive (Chandra et al, 2010, p. 92). This is supported by 
evidence that higher-income consumers of luxury BEVs are typically not motivated by financial 
 
 61 
incentives (Hardman & Tal, 2016, p. 5). Consequently, an income cap would likely not reduce 
the number of ZEVs adopted by higher-income consumers.  
Another hurdle to broad ZEV adoption is the higher cost to purchase or lease a ZEV. The 
vehicles compared in Figure 19, the ZEV, 2019 Tesla Model 3 base model has an MSRP of 
$35,000, while the ICEV 2019 Toyota Camry LE/SE model has an MSRP of $24,095. Over 
time, a ZEV will have lower operating costs than an ICEV (Figure 19), however, the upfront 
price premium to purchase or lease negates the savings and deters low-income consumers. One 
way for the program to be more efficient and equitable, and also reduce upfront costs is to 
increase CVRP rebate amounts for low-income consumers. The CVRP Consumer Survey and 
numerous studies have identified that low-income consumers are the most likely to be swayed to 
adopt ZEVs by financial incentives (CVRP, 2019k), (DeShazo et al, 2017), (UC Davis, 2019b). 
Incentives offered are off enormous importance in their decisions to adopt ZEVs (DeShazo et al, 
2017), (UC Davis, 2019b). The UC Davis report suggests that the rebate amounts should be 
increased in order to appeal to more low-income consumers and will lead to greater adoption of 
ZEVs by them (UC Davis, 2019b, p. 10). This is referred to as incentive targeting and ensures 
that “appropriate incentives are delivered to those most likely to benefit from and/or be 
influenced by them” (UC Davis, 2019b, p. 5).  
Similarly, DeShazo et al. determined the most effective strategy to maximize ZEV 
adoption is to issue progressive rebates based on income. One of the suggestions is to increase 
rebate amounts and to also put a cap at a specific income of $100,000 so those who earn more 
than this are not eligible. All consumers with incomes of “less than $100,000 would receive a 
rebate of $5,000 for BEVs and $3000 for PHEVs (DeShazo et al, 2017, p. 41). The research 
deduced that this policy would substantially raise the numbers of BEVs and PHEVs sold by 39% 
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compared to the status quo policy, but it would also require a 23% increase in the program 
budget (DeShazo et al, 2017, p. 41). Another proposed policy is to offer “consumers purchasing 
BEVs who make incomes of 1) less than $25,000, a rebate of $7,500, 2) $25,000–$50,000, a 
rebate of $5,000, 3) $50,000–$75,000, a rebate of $2,000, and 4) over $75,000, no rebate. 
Consumers purchasing a PHEV in these same income categories would receive $4,500, $3,000, 
and $1,000, respectively” (DeShazo et al, 2017, p. 41). The research discovered that this policy 
would sell approximately as many BEVs and PHEVs as the status quo policy while leading to 
considerably more equity of rebates across income groups (DeShazo et al, 2017, p. 41). It would 
also be 26% more cost-effective than the status quo policy. Both of the recommended policies of 
sharply progressive rebates are likely to have a positive effect on the adoption of ZEVs by low-
income consumers.  
AB 1046 (Air Quality Improvement Program: Clean Vehicle Rebate Project) was a bill 
introduced in 2019 by Assemblyman Phil Ting (Shwe, 2019). He contended that if California is 
to meet Governor Brown’s goal of five million ZEVs on the roads by 2030, there needs to be a 
more attractive financial incentive for consumers to adopt them since they are situated at a higher 
price point. AB 1046 proposed tripling the CVRP rebate amount to make the cost of ZEVs 
competitive with ICEV. In addition, CVRP has been underfunded, exhausting its budget before 
the end of every fiscal year. This has resulted in consumers being placed on a waitlist for a rebate 
until legislators approve additional funding. These delays have undermined the success of 
CVRP. AB 1046 would require CARB to find a stable and uninterrupted pot of funding for the 
CVRP. However, the bill would need $10-$16 billion to fund CVRP rebates to get to five million 
ZEVs on the road by 2030 (Shwe, 2019), (Gardiner, 2019). This lofty price tag was among the 
reasons why the bill was killed by legislators in August 2019 (Gardiner, 2019). 
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California is not likely to meet its GHG emissions reduction goals. Enacted in 2006, AB 
32 aimed to reduce the state’s GHG emissions to 1990 levels by 2020. Expanding on this, SB 32 
(California Global Warming Solutions Act of 2006: emissions limit) was signed into law by 
Governor Brown in 2016, setting a target of decreasing GHG emissions to 40% below 1990 
levels by 2030 (Next 10, 2019, p. 1). At the existing rate of progression, California will not meet 
its 2030 emissions target until 2061 (Next 10, 2019, p. 1). The total amount of GHG emissions 
produced by light-duty vehicles in California from 2010 to 2017 has increased by 4.7% overall 
(Table 14). The numbers of ZEVs being adopted are rising, but not enough to make an 
environmentally positive effect because there is the counterbalancing issue of consumers’ ICEV 
preferences. According to a study by the nonpartisan organization Next 10, in late 2018, 
Californians purchased or leased more pick-up trucks, mini-vans, and SUVs than they did five 
years before. While those vehicles made up 39.3% of new vehicle registrations in 2013, they 
comprised 57.3% of new vehicle registrations in 2018 (Next 10, 2019, p. 2). Consumers may 
favor these less fuel-efficient vehicles because they want the capacity to carry more passengers 
and items, they prefer the experience of being higher up from the ground, and they like the more 
rugged appearances of the vehicles (Gibson, 2016). There are not many pick-up truck, mini-van, 
and SUV ZEV models that qualify for the CVRP rebate. Currently, there are only three: the 
Tesla Model Y (which has been announced, but not yet released), which is a BEV SUV, the 
Chrysler Pacifica, which is a PHEV mini-van, and the Kia Niro Plug-in Hybrid, which is a 
PHEV SUV (CVRP, 2020). The Next 10 study suggests that ZEVs cannot truly replace ICEVs 
until there are more ZEV options for consumers and the infrastructure to support them (Next 10, 
2019, p. 2). Vehicle manufacturers would need to produce more ZEV models of pick-up trucks, 
mini-vans, and SUVs with design features that appeal to a broad range of consumers.  
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The computations from the DOE’s Vehicle Cost Calculator are in line with research from 
the literature review stating that the annual operating cost of ZEVs are less than ICEVs (Figure 
19). However, based on the purchasing and leasing tendencies of low-income consumers, this 
information may not be commonly known so CVRP should ascertain how to steer targeted 
marketing to them. In order for CVRP rebates to reach this specific demographic, the program 
should undertake an extensive campaign to educate them on the lower than expected operating 
costs of ZEVs. Low-income consumers should also be informed of the supplementary CVRP 
rebate available to them, which would result in reduced upfront adoption costs. It would be 
useful for the CVRP website to introduce its own vehicle cost calculator tool with the option for 
users to compare the purchasing/leasing costs and the annual operating costs of ZEV models and 
ICEV models. The tool should also allow users to enter their income so that the output factors in 
the user’s estimated CVRP rebate amount as well as the federal PEDVC of $2,500 to $7,500 for 
the purchase or lease of PHEVs (IRS, 2019). The tool should provide final outputs of purchasing 
or leasing costs of each vehicle model in addition to its annual operating cost and amount of 
GHG emissions. This tool’s calculations would be a straightforward way for potential consumers 
to grasp that the costs of adopting and owning ZEVs are within their reach. Outreach in the form 
of community events, consumer education workshops, and media placements should be directed 
to low-income consumers to advise them that the widespread adoption of ZEVs will result in the 
reduction of GHG emissions. It is crucial to highlight that this effect will advance health 
outcomes so that low-income consumers recognize the benefits on their own well-beings. This 
should lead to increased numbers of low-income consumers who value ZEVs positively and 





The findings of this research should be considered with some limitations in mind. One limitation 
is that ZEVs are usually discussed as one monolith, however there is a big distinction between 
PEVs and FCEVs. Most information on ZEVs (such as their electricity costs, maintenance costs, 
emission levels, and CVRP Consumer Survey responses) only concern PEVs. Information on the 
hydrogen fueling costs, maintenance costs, emission levels, and consumer opinions of FCEVs is 
rarely addressed, presumably because this ZEV type has not been around as long, there are not 
many models on the market, and they are adopted in substantially smaller numbers than PEVs. 
Another limitation is that the DMV’s total vehicle registration data for ZEVs and ICEVs 
are only available for 2018 and 2019. It would be valuable to see the effects of CVRP rebates on 
ZEV adoption from the time the CVRP program was implemented in 2010. CNCDA’s Green 
Vehicle Reports also only cover new registrations of ZEVs and ICEVs from 2016 through 
2018—it would be beneficial if the data was provided since 2010 to gauge what kind of effect 
CVRP has had on ZEV adoption since the program’s induction.   
The CVRP Rebate Statistics do not capture all new ZEVs purchased or leased in 
California. Not every eligible ZEV consumer applies for a rebate and not every ZEV is eligible 
for a rebate. Over the first five years of the program from 2010 to 2015, approximately three-
quarters (>74%) of eligible consumers received CVRP rebates (CVRP, 2019h). This leaves one-
quarter of eligible consumers who did not receive CVRP rebates so their information is missing 
from the CVRP Rebate Statistics. As a result, the findings based on this data may be imprecise.  
It is meaningful to note that 6,413 or only 36% of CVRP low-income rebate recipients 
also reside in low-income communities (Figure 15). Hence, the majority (64%) of CVRP low-
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income rebate recipients do not reside in low-income communities. This reveals that most CVRP 
rebate recipients who reside in low-income communities are not also low-income recipients.  
Another limitation is the additional CVRP rebates for low-income consumers began in 
2016 so the data for these rebates is only available from 2016 to 2019 (CVRP, 2019h). It may 
take more than four years for the percentage of rebates issued to low-income consumers to 
increase at a greater rate.   
The CVRP Consumer Survey data was collected from 40,028 rebate recipients from who 
voluntarily responded and not all rebate recipients (CVRP, 2019k). Therefore, the survey results 
offer a snapshot of the motivations of respondents who purchased or leased PEVs, meaning that 
the sample obtained may not be representative of the entire population of CVRP rebate 
recipients.  
Future Areas of Research 
The CVRP program is funded annually. While its budget may seem high, $238 million in FY 
2019-20, (CARB, 2019c, p. iv), it is usually exhausted before the end of the fiscal year, resulting 
in consumers waiting for additional funding to become available (CVRP, 2019j). This research 
establishes that increased CVRP rebates for low-income consumers will accelerate their adoption 
of ZEVs. California legislators should authorize significantly more funding to CVRP. AB 1046 
had proposed $10-$16 billion to supplement CVRP’s current budget, but legislators rejected this 
bill, believing the amount was too high. Nevertheless, future research is needed to accurately 
forecast how much is required to properly fund CVRP in order to provide for increased rebate 
amounts and concentrated outreach to low-income consumers. The dollar amount that CVRP 
rebates should increase to in order to appeal to low-income consumers should also be examined. 
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Moreover, it should be studied how much funding would be saved if an income cap is enacted so 
that higher-income consumers are no longer eligible for CVRP rebates.  
 If California follows through on its plan to build additional hydrogen stations for FCEVs, 
more FCEV models are manufactured, and more FCEVs are adopted, there will be extensive data 
for future research to explore about this type of vehicle since it is routinely omitted from studies 
about ZEVs in the U.S. It would be worthwhile to compare the fueling costs, maintenance costs, 
emission levels, and consumer opinions of FCEVs, PEVs, and ICEVs. 
Conclusion 
The intriguing outcome of the efforts of CVRP is that the number of overall rebates 
issued is increasing as more consumers are utilizing the program. However, the percentage of 
rebates issued to low-income consumers is not increasing at the same rate. While California is 
seeing a rise in the adoption of ZEVs, more bold action is needed to hasten this trend. It is crucial 
to assuage consumer reservations about ZEVs, such as upfront adoption costs, operating costs, 
charging availability, and performance characteristics. Well-aimed outreach to low-income 
consumers should also emphasize that the mass adoption of ZEVs will lead to a radical decline 
of GHG emissions in California, which will reduce health disparities experienced most acutely 
by this demographic. It will also lessen healthcare costs for the state. To make practical ZEV 
adoption a reality for low-income consumers, the CVRP rebate amounts issued for them should 
be markedly increased. By taking these recommended actions, CVRP will achieve greater rebate 
allocative equity among income groups (conceivably with 35% of CVRP rebates issued to 
priority populations), accelerate ZEV adoption by low-income consumers, and be closer to 
California’s target of five million ZEVs on the roads by 2030, making it plausible for the state to 
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